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Frying-heatingAbstract Physicochemical properties like density, viscosity, boiling point, saponiﬁcation value
(SV), iodine value (IV),and peroxide value (PV) of Corn and Mustard oils were studied to evaluate
the compositional quality of oils and also to investigate the effect on the use of same oil for repeated
frying as it ultimately changes the physicochemical, nutritional and sensory properties of the oil.
FT-IR spectroscopy was used to evaluate the degree of oxidation after heating and frying processes.
Results revealed that due to the temperature change in the oil there is a notable difference in the
spectral band which showed that the proportions of the fatty acids were changed. The spectra of
Corn oil at the boiling point and at multiple frying times with a piece of potato showed frequencies
in range of 2852.7–2926.0 cm1 while in Mustard oil an additional peak was observed at
3633.8 cm1 which exhibits the secondary oxidized product formation.
ª 2014 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
Lipids and triacylglycerol naturally occur in oils and fats.
Their chemical composition contains saturated and unsatu-
rated fatty acids and glycerides. Edible oils are vital constitu-
ents of our daily diet, which provide energy, essential fatty
acids and serve as a carrier of fat soluble vitamins. Corn oil
which is obtained from seeds of Zea mays is an important com-
ponent usually used as food and also as a vehicle in certainpharmaceutical formulations such as in suspensions and
emulsions. (Alvarez and Rodrı´guez, 2000) Mustard oil from
Brassica nigra has 30 per cent protein, calcium, phytins, phen-
olics and natural anti-oxidants. Mustard oil contains a high
amount of mono-unsaturated fatty acids and a good ratio of
polyunsaturated fatty acids, which is good for the heart.
Mustard oil contains the least amount of saturated fatty acids,
making it safe for heart patients.
Different physical and chemical parameters of edible oil
were used to monitor the compositional quality of oils
(Ceriani et al., 2008; Mousavi et al., 2012). These physico-
chemical parameters include iodine value (IV), saponiﬁcation
value (SV), viscosity, density and peroxide value (PV). Edible
oils are one of the main constituents of the diet used for cook-
ing purposes. Several researchers studied the impact of temper-
ature on the stability, viscosity, peroxide value, and iodineFourier
2 E. Zahir et al.value to assess the quality and functionality of the oil
(Farhoosh et al., 2008; Li et al., 2010; Jinfeng et al., 2011).
Deep frying is one of the most common methods used for
the preparation of food. Repeated frying causes several
oxidative and thermal reactions which results in change in
the physicochemical, nutritional and sensory properties of
the oil (Che Man and Jasvir, 2000). During frying, due to
hydrolysis, oxidation and polymerization processes the com-
position of oil changes which in turn changes the ﬂavor and
stability of its compounds (Gloria and Aguilera, 1998). During
deep frying different reactions depend on some factors such as
replenishment of fresh oil, frying condition, original quality of
frying oil and decrease in their oxidative stability (Choe and
Min, 2007). Atmospheric oxygen reacts instantly with lipid
and other organic compounds of the oil to cause structural
degradation in the oil which leads to loss of quality of food
and is harmful to human health (Bhattacharya et al., 2008).
Therefore, it is essential to monitor the quality of oil to avoid
the use of abused oil due to the health consequences of con-
suming foods fried in degraded oil, to maintain the quality
of fried foods and to minimize the production costs associated
with early disposal of the frying medium (Vijayan et al., 1996).
Different analytical methodologies used for quantitative
evaluation of heated oils are Gas Chromatography (GC), High
Performance Liquid Chromatography (HPLC), Ultra Visible
Spectrometry (UV) and Fourier Transform Infrared (FT-IR)
Spectroscopic techniques. There are several advantages of
the FT-IR technique over the other conventional physical
and chemical methods due to its ease of sample handling,
quickness and low requirement of sufﬁcient quantity of
hazardous solvents, improvement in the signal to noise ratio,
reduction in the scan time, and requirement ofhigh energy
throughout, in this technique all wavelengths are recorded
simultaneously (Che Man et al., 2010).
The aim of the present study is the quantitative analysis of
the properties of Mustard and Corn oils and the effect of tem-
perature on the properties of oils after heating and frying with
carbohydrate using potato pieces and also the use of same oil
for frying three times to check the changes in oil quality.
Changes in the physicochemical properties of oils are also ana-
lyzed by FT-IR analysis to evaluate the degree of oxidation
after heating and frying.2. Materials and methods
2.1. Material and chemicals
Hydrochloric acid (HCl), sodium hydroxide (NaOH), potas-
sium hydroxide (KOH), idobromine (IBr), sodium thiosul-
phate (Na2S2O3), potassium iodide (KI), and acetic acid
(CH3COOH) were of A.R Grade and purchased from Merck
Darmstadt Germany.
Corn and Mustard oils were extracted from their dried,
dehulled and powdered seeds purchased from the local market
in Karachi Pakistan.
2.2. Density measurement
Densities of oil samples before and after frying were measured
by an R.D bottle with a capacity of 10 mL.Please cite this article in press as: Zahir, E. et al., Study of physicochemica
Transform-Infrared (FT-IR) Spectroscopy. Arabian Journal of Chemistry2.3. Boiling point measurement
The boiling point of oil samples were measured by a thermom-
eter ±1 C. The boiling point depends upon the degree of
unsaturation of fatty acids.2.4. Viscosity measurement
The viscosity of oil samples before and after frying was mea-
sured by an Ostwald Viscometer techniconominal constant
0.05 Cs/c, ASTMAD 445 England. The ﬂow time of oil sam-
ples were recorded with a stop watch (Japan, CBM, and Corp
QSQ) least count ±0.01 s.2.5. Saponiﬁcation value measurement
The saponiﬁcation value is determined by taking 1.0 g of oil
sample in a conical ﬂask to which is added 15 mL 1 N KOH
and 10 mL of distilled water and heated under a reserved con-
denser for 30–40 min to ensure that the sample was fully dis-
solved. After this sample was cooled, phenolphthalein was
added and titrated with 0.5 M of HCl until a pink endpoint
was reached. A blank was determined with the same time
conditions.2.6. Iodine value (IV) measurement
A known weight of the oil sample is treated with an excess of
iodobromine (IBr) in glacial acetic acid. Unreacted iodobro-
mine is reacted with potassium iodide which converts it to
iodine. The iodine concentration is then determined by titra-
tion with standard sodium thiosulphate.
IV ¼ ðb vÞ N 126:9 100=w 1000 ð1Þ
where b is the quantity of sodium thiosulphate used for blank,
v is the quantity of thiosulphate for sample, N is the normality
of thiosulphate solution, w is the wt of the oil sample and 126.9
is the molecular weight of iodine (Singh et al., 1981).2.7. Peroxide value (PV) Measurement
Peroxide value is a measure of peroxides contained in the oil.
PV is determined by measuring iodine released from potassium
iodide.
A known measured weight of oil samples is dissolved in
acetic acid then chloroform and saturated KI mixture are
added to the sample and the amount of iodine liberated from
KI by the oxidative action of peroxides present in the oil is
determined by titration with standard sodium thiosulphate
using starch solution as an indicator. Titration was also
performed for blanks.
PVðmeq=kg oilÞ ¼ ðS BÞ WN ð2Þ
where B is the volume of sodium thiosulphate used for blank,
W is the weight of sample, S is the volume of sodium thiosul-
phate consumed by the sample oil and N is the normality of
standard sodium thiosulphate (AOAC, 1984).l properties of edible oil and evaluation of frying oil quality by Fourier
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Potatoes were peeled and cut into pieces (approx 5 cm3) and
were fried in the frying oil at constant temperature at three fry-
ing times. Frying experiments were conducted in duplicate in
each frying medium.
2.9. Evaluation by FT-IR
FT-IR spectra of oil samples before and after frying were
recorded with the help of a Fourier Transform Spectroscopy
Model I-R Prestige 21 Shimadzu. It is used to study the satu-
ration and unsaturation composition of heated and unheated
oils at room temperature for monitoring the oxidation process
in oils.
3. Results and discussion
The quality of Corn and Mustard oils was analyzed by evalu-
ating physicochemical properties such as density, viscosity,
boiling point, peroxide, iodine and saponiﬁcation values.
Results are presented in Table 1. Oils with lower values of vis-
cosity and density are highly appreciable to consumers. In
order to design an advanced technological process these prop-
erties are very important parameters. The effect of temperature
on these properties and the inﬂuence of frying three times with
carbohydrate (potato piece) up to their respective boiling
points using the same oil were also studied and results are tab-
ulated in Table 2.Table 1 Physicochemical properties of oils at room temper-
ature 35 C.
Properties Corn oil Mustard oil
Density (g/mL) 0.9223 0.9694
Viscosity (millipoise) 112.00 117.27
Boiling Point (C) 140.00 170.00
Saponiﬁcation Value (mg) 153.8 125.6
Iodine Value (g) 15.96 8.10
Peroxide value (meq/kg) 0.162 0.83
Table 2 Viscosity, density and peroxide values of oils at boiling poin
using the same oil.
Trials at boiling point Viscosity (millipoise)
Corn oil (B.P 140 C)
At boiling point (Without Potato) 90.07
1st frying (with potato) 90.60
2nd frying (with potato) 92.24
3rd frying (with potato) 94.36
Mustard oil (B.P 170 C)
At Boiling Point (Without Potato) 118.47
1st frying (with potato) 121.60
2nd frying (with potato) 120.25
3rd frying (with potato) 115.10
Please cite this article in press as: Zahir, E. et al., Study of physicochemical
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Oils are mixtures of triglycerides (TGs) and their viscosity
depends on the nature of the TGs present in the oil. The viscos-
ity changed due to the different arrangement of the fatty acids
on the glycerol backbone of the triglyceride molecule. There-
fore, viscosity is related to the chemical properties of the oils
such as chain length and saturation/unsaturation. Table 1
shows that at room temperature of 35 C the viscosity is high
in Mustard oil as compared to Corn oil and Mustard oil has a
high boiling point relative to Corn oil. It explains that the vis-
cosity and density decreases with an increase in unsaturation
and increases with high saturation and polymerization (Kim
et al., 2010). Viscosity also depends on sheer stress and temper-
ature. Sheer stress does not have much effect on the storage of
oils which are used for edible purposes but the temperature
does affect it. Results tabulated in Table 2 revealed that an
increase in viscosities was observed for Corn oil while a
decrease was observed for Mustard oil at the boiling point
and at different frying times with a piece of potato. When
the temperature increases the kinetic energy also increases
which enhanced the movement of the molecules and reduces
the intermolecular forces. The layers of the liquid easily pass
over one another and thus contribute to the reduction of vis-
cosity. This phenomenon is also veriﬁed by other researchers
since oil viscosity depends on molecular structure and
decreases with the unsaturation of fatty acids (Kim et al.,
2010). The densities of both oils were decreased with the rise
in temperature as well as when using the same oil for frying
three times with a piece of potato. The densities of oils were
related to the standard range of 0.898–0.907 g/ mL approved
by the Standard Organization of Nigeria (SON, 2000). The
results tabulated in Table 1 show that at room temperature
of 35 C the values of the densities are 0.9694 g/mL and
0.9223 g/mL for Mustard and Corn oils respectively. It may
be due to the p bonds that make the bonding more rigid and
rotation between CAC bonds becomes more strenuous.
During frying thermo-oxidative or lipid oxidation and
hydrolytic reactions take place that results in deterioration in
quality of the frying oil (Romero et al., 2000, 2003; Paul and
Mittal, 1997). The primary oxidation products that develop
in triacylglycerol are hydroperoxides, which may later break
down to produce lower molecular weight compounds, such
as free fatty acids, alcohols, aldehydes, and ketones, eventually
leading to a rancid product (Barthel and Grosch, 1974). Lipidt without and with frying with a piece of fresh potato three times
Density (g/mL) Peroxide value (meq/kg)
0.8632 0.538
0.8930 2.994
0.8698 2.728
0.8486 2.569
0.8764 0.388
0.8724 2.720
0.8656 2.193
0.8620 1.838
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tant implication in stipulations of the quality and value of fats
and oils, particularly in relation to the off-ﬂavors that develop
as an outcome of autoxidation (Xiuzhu et al., 2007). Normally,
frying oils undergo extensive degradation and complex chemi-
cal transformations when heated. The presence of air and
water accelerated the deterioration of frying oil (Clark and
Serbia, 1991) and resulted in an increase in the number of
polar molecules as conﬁrmed by viscosity and density data
of oils (White, 1991).
3.2. Peroxide value
Peroxide value (PV) is used as a measure of the extent to which
rancidity reactions have occurred during storage it could be
used as an indication of the quality and stability of fats and
oils (Ekwu and Nwagu, 2004). The peroxide value was also
found to increase with the storage time, temperature and con-
tact with air of the oil samples. The PV values tabulated in
Tables 1 and 2 for both the oils range from 0.388–
2.994 meq/kg. Results show that the peroxide values for Corn
oil increased from 0.162 (35 C) to 0.538 meq/kg (boiling point
140 C) and 2.994 meq/kg (ﬁrst frying) and then it decreased at
second and third fryings gradually while for Mustard oil a
decrease in peroxide value was observed from 0.830 (35 C)
to 0.388 meq/kg (boiling point 170 C) and at three different
fryings the pattern was the same as that in Corn oil. The initial
PV was found to have occurred around 2.5–5 meq /kg oil
which indicates a relatively good quality of these oils. There
is a successive decrease in PV when the same oil was used
for frying with a piece of potato. The peroxide value deter-
mines the extent to which the oil has undergone rancidity. Per-
oxide value ranges are closely related to the standard value of
10 meq/kg speciﬁed by Standard Organization of Nigeria
(SON) (2000) and Nigerian Industrial Standard (NIS) (1992).
3.3. Saponiﬁcation value
Saponiﬁcation value (SV) is an index of average molecular
mass of fatty acid in the oil sample. The SV value obtained
for the oil samples in Table 1 showed 153.8 mg KOH/g for
Corn oil and 125.6 mg KOH/g for Mustard oil. The values
are below the expected range of 195–205 mg KOH/g of oil
for edible palm oils as speciﬁed by SON (2000) and NIS
(1992). The lower value of saponiﬁcation values suggests that
the mean molecular weight of fatty acids is lower or that the
number of ester bonds is less. This might imply that the fat mol-
ecules did not interact with each other (Denniston et al., 2004).
3.4. Iodine value
Iodine value (IV) measures the degree of unsaturation in a fat
or vegetable oil. It determines the stability of oils to oxidation,
and allows the overall unsaturation of the fat to be determined
qualitatively (AOCS, 1993; Asuquo et al., 2012). It was
observed that measured iodine values for Corn and Mustard
oils are 15.96 g and 8.10 g respectively. These low iodine values
may have contributed to its greater oxidative storage stability.
The oxidative and chemical changes in oils during storage are
characterized by an increase in free fatty acid contents and a
decrease in the total unsaturation of oils (Perkin, 1992).Please cite this article in press as: Zahir, E. et al., Study of physicochemica
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sity, peroxide value, iodine value, and saponiﬁcation values are
qualitative properties of oils and do not indicate the position of
the double bonds or the amount of oleﬁnic carbon but rather it
provides an overall status of unsaturation of the oils so it is not
possible to point out the position of double bond(s) which are
more susceptible to oxidation (Knothe and Dunn, 2003).3.5. Spectral analysis
FT-IR spectroscopy is an excellent tool for analysis as the
intensities of the bands in the spectrum are proportional to
concentration. Mid IR spectra have been used to characterize
edible oils and fats because they differ in the intensity and the
exact frequency at which the max absorbance or transmittance
of the band appears, according to the nature and composition
of the sample (Guillen and Cabo, 2000). FT-IR spectra of
Corn and Mustard oil samples showed that there exists a nota-
ble difference in the band at room temperature, at boiling
point and between the same oil used for frying three times with
a piece of potato. The oil composition affects the exact posi-
tions of the band and yields a shift when the proportion of
fatty acids changed. At room temperature Figs. 1a and 2a
the band around 3473 cm1 assigned to OAH stretching vibra-
tion of hydroperoxide, 3006.8–3007.0 cm1 as CAH stretching
vibration of the cis-double bond ‚CAH) and 2854.7–
2925.8 cm1 shows CAH asymmetric and symmetric stretching
vibrations of the aliphatic CH2.
At different temperatures and during frying three times
with a piece of potato, the percentage transmittance of almost
all the peaks increased indicating a decrease in absorbance
which may be due to the hydrolysis of oil during frying and
the formation of free fatty acids and mono and diglycerides.
These compounds accumulated in the frying oil with repeated
use as the hydroperoxides also decrease which may be due to
decomposition of hydroperoxides and secondary oxidation
initiation.
At 35 C Figs. 1(a) and 2(a) and at the boiling point of
Corn oil (140 C) and Mustard oil at 170 C, the region of
the double bond stretching shown at 1745.5 cm1 represents
C‚O ester carbonyl of triglycerides and at 1654.0–
1658.7 cm1 indicates C‚C stretching vibration of the cis ole-
ﬁns as shown in Figs. 1(b) and 2(b) respectively. The band
trend is much more similar at the ﬁrst frying and third frying
with a piece of potato at 1745–1747.5 cm1 and 1660–
1652.3 cm1 respectively as in Figs. 1(c and d) and 2 (c and
d). This observation shows that there is presence of a saturated
aldehyde functional group or other secondary oxidation prod-
ucts which causes an absorbance at 1728 cm1 to overlap with
the stretching vibrations at 1746 cm1 of the ester carbonyl
functional group of the triglycerides. The same patterns were
observed at the boiling point. In Mustard oil Fig. 2(b) repre-
sents that at boiling point and for one and three times frying
Fig. 2(c and d) there is a peak of double bond’s stretching
which is AC‚O free fatty acids at the region 1705.0 cm1
and the spectra showed overall signal pattern looked similar
with each other. As the spectral regions undergoes several
changes during oxidation processes at the room temperature
and at different temperatures oils showed some regions of
other deformations and bending at 1460–1462 cm1 of ACAH
bending vibrations of the CH2 and CH3 aliphatic groups andl properties of edible oil and evaluation of frying oil quality by Fourier
(2014), http://dx.doi.org/10.1016/j.arabjc.2014.05.025
Figure 2 FT-IR spectrum of mustard oil. (a) At room temperature (35 C), (b) boiling point, (c) ﬁrst frying, and (d) 3rd frying.
Figure 1 FT-IR spectrum of corn oil. (a) At room temperature (35 C), (b) boiling point, (c) ﬁrst frying, and (d) 3rd frying.
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group were observed while at 908.2–970.2 cm1of CH‚CH
shows trans unsaturation.
For the determination of oxidation processes, at the boiling
point and at three frying times of the Corn oil Fig. 1(b–d) the
valuesof frequencies in the samples vary signiﬁcantly from
2852.7–2926.0 cm1. The 2926.0 cm1 band is attributed to
the symmetric stretching vibration of the aliphatic ACH2
group. For Mustard oil at the boiling point Fig. 2(b), there
is an additional peak at 3633.8 cm1 which shows that the sec-
ondary oxidized product has been formed.
FT-IR capability using ﬁnger print as tool to make a ﬁrst dif-
ferentiation and representative ﬁnger print (1163.0–723.3 cm1)
in the infrared spectra of the two oils are shown in Figs. 1(a) and
2(a). Themajor peaks in these spectra that arise from the stretch-
ing vibration of CAO at 1163.0–1236.3 cm1 and at 723.3 cm1
represent (ACH2), ACH‚CHA overlapping of the CH2 rock-
ing and the out of plane vibration of cis disubstituted oleﬁns.
All these changes in the spectral regions showed several changes
during the oxidation process. The frequency of the 3007.0 cm1
band depends on the oil composition as oil with a high propor-
tion of linoleic or linoleic acyl groups show higher frequency
data at this band than oils with a high proportion of oleic acyl
group. The band at 2854 cm1 and the shoulder at 2962 cm1
increase their intensity but the band reduces its absorbance
and increases percent transmittance.
The evaluated results of Mustard and Corn oils revealed
that at the room temperature the degree of unsaturation is
low and there is trans hydroperoxide forms of esters present
with primary oxidized products and as the sample is treated
at higher temperatures up to their respective boiling points
when frying with a piece of potato the decrease in %T indi-
cates an increase in the absorbance of peroxides. Secondary
oxidation initiates the formation of secondary oxidation prod-
ucts and free fatty acids were also present. Thus each type of
oil sample including fresh oil at room temperature and used
oils (at different temperatures) showed very similar FT-IR
spectra. However the heights of some speciﬁc bands were
noticeable indicating the difference in quality of the two
different oil samples used in this present study.4. Conclusion
Deep frying and the use of same oil for frying many times is a
general practice mostly in commercial and sometimes in
domestic cooking processes. This practice generates lipid per-
oxidation products that may be harmful to human health.
Most of these compounds are non-volatile, so they remain in
the frying medium and affect its physical properties at elevated
temperatures in the presence of air and moisture causing the
oxidative degradation of their amino acids and the partial con-
version of these lipids to volatile chain-scission products, non-
volatile oxidized derivatives and dimeric, polymeric or cyclic
substances leading to the formation of toxic and/or carcino-
genic compounds.
The results of this particular study suggested that repeated
heating gradually diminished the health-protective effects. As
in Mustard oil at the boiling point there is an additional peak
at 3633.8 cm1 which exhibits that the secondary oxidized
product has been formed. The measurement of physicochemi-
cal properties by FT-IR spectroscopy, not only provide thePlease cite this article in press as: Zahir, E. et al., Study of physicochemica
Transform-Infrared (FT-IR) Spectroscopy. Arabian Journal of Chemistrybeneﬁt of rapid analysis but also avoid the hidden disposal
costs as well as dangers associated with reagents used in the
traditional chemical method. The present research may be for-
warded in many aspects not only to enhance the quality of oil
but also give public awareness not to expose edible oils to high
temperatures for long periods many times.
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